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(54) VAPOR GROWTH METHOD FOR METAL OXIDE DIELECTRIC FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form a thin film having a high orientational property and high 
crystallinity by forming the initial nucleus of a perovskite type crystal structure on a conductive 
material under a first film forming condition, and further growing a film having the perovskite crystal 
structure on the initial nucleus under a second film forming condition. 

SOLUTION: A PZT film is formed at a film forming temperature of 500° C. Firstly, the formation of 
the PZT film is carried out for 40 seconds under a condition where the flow rates of Pb(DPM)2 ( Zr 
(OtBu)4, Ti(OiPr)4, and N02 are respectively adjusted to 0.2 seem, 0.05 seem, 0.2 seem, and 3.0 
seem. Then the PZT film is further grown to a thickness of 100 nm by carrying out film formation 
for 600 seconds under a condition where the flow rates of the Pb(DPM)2, Zr(OtBu)4, Ti(OiPr)4, and 
N02 are respectively adjusted to 0.25 seem, 0.225 seem, 0.2 seem, and 3,0 seem. Therefore, 
ferroelectric films and high dielectric films having controlled orientational properties can be formed 
at low temperatures. In addition, the formed films cause less inversional fatigue and having good 
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crystallinity. 
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iSCiSifcCiot A#4»Sft £ fc #T 

mmmmtt z 1 fc * o , w$±fcj£*ti>&fls 
im»«t<o8hftsg (/w^imx) stress;: 

t o o 4 2 ] z z x\ ^m^mmMx 1 1±. Bra^a 
izmmm&m<7M®#z x% *) . MxifpzriT* 

fUf, i8t^veAu4/M:?^-MPb(DPM) 2 h 
5 ? - x -v D -7> ^> r? y (Zr (OtBu) , ) . f r- 5 
4 VTD^v-f-^yai (0iPr) 4 )^<7)^X^-^Jt L 

*JtV <o>f /M ^ -t- h (Ba (DPM) 2 L X h oyf> A t* 
Xi/tMp>f )VX 91— Y (Sr(DPM) 2 ) , f b 54 V 7*n 

>IWp^^y(Ti (01M«)*o#xj&WMi*. **8 
MittfxZmtlZ b mit I 

\,\ zttii. -mmmwxtK m9mm±.?&& 

#**JB^* Z fc **C* s RfclMtt^vOWUW 

C 0 0 4 3 ] ##&tt s «*«tt±^<0*«AIBm^ 

£ 1 x 10- 2 TorrlilTfc-T * £ fc fc J: 9 , ©ST'O 
JfcK*™?* I. £ fc , § <?> fciSSfcffifi UteJR*>JfiK 

[0044] t*<>%JJ2EAWrctt, 450 o COTt' 
fo*>Xl>. iI{H00X<9PZT#, PZT(100)cO*{itKl*lt 

s& t ttt^T . i5<rcgjmj:*>ffiir ^flemtaBtc* 
fcAWBMbiwwftjRtmr & - fc mm t . 

[0045] ?^£Sfifc±(f&<T fcElfyOJHofclS 
^ffiMxlO-2Torrtt±t^|> fc , 



m&mm lx itw zcom^m^mmmts 

Ht^rO, lxlO- 2 TorrWT<73iE*|glBT*W$\ £<0 
«ttftR<04jS**KWfc«ii4£ bit?* . 
Hffijtiiii v ^"t ^ fc #i T ^ & . 

[0046] l^l^*^, mMm&mmzniK 

Mtii, lXlO-norri; OK^ffift'OWW *£ t*W 
*L<. SfefcJi, lxlO- 3 Torr*^lX10-2TorrcOj±* 

[0047] awtttm±^««fisw* 
[0048] wummt ixn. mmz^^p 

Ir. Ru, Ti N, WN^C0^«, I rOj, R 

ii. mm¥mmmizii^xi±. mmmbixm^ 
$>tat>to?3bi. znmmmncoptcoTMtf, nco 

milWTblXWlK. znm&zcom 
*«*«fe(lll) (CEim L^ B H B «^ fc Pt fc (11 

i)teErtt**», m<7)®mmbm%io, *mw 

<7)1i)icOSA,tTltWl^iSit^Pt/TiN/TiMffijtt* 
[0049] 

[0050] *n^Tfflv^itimffljs*na^-^j 

§11102, M^ft^l03i9=5r9, sasmafcUUBBEtSc^ 
>7£ir>X&X,ZtlX\->i>. £fc, M£®%*bimm. 

m^^-¥m^fMz^xj\-mmmmmmm 
hti-c^i. zcoid^mmmizb^zx*). mm 
m±%izmtz b%< vxj\-<n$.m, &mmmx 

hh. ifc, f-\-)<.)Vy'^2W,zJsiihZb\zi,Y)^ 

ti&fr Sr jtp i hb^o mmm ^nh. is.mm.imm 

ft fc {*»40 ^ - afCaK > 7106 <t o T 10" 7 Tor r * T^f 

[0051] muzimmmmmco-m^tm 

|RS*U16tS Lfc t - ^ fc J: o TBr^iOSaEtJiDSRT 
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-iztmtl Z k S k ^ a SMfe&i#fe*i£ . 5^ 

£ t LT -7XA-417#i&B$ixS . S^M-t-teT^ -4 
(Bfctt, jSS5m<0^401«^V^TfcO. £il£>lL 

7°^ - 403t*€#i. I> . VXJ\-tfiE%Mf*7'? - 
Bzco^tzmt. £ti^t°yffl^ftJi^xA-i#fc 

flWC, ^XA-T«tot-*-M)5k±a5^J&ft# 
xw^ASixl)*SSIf406{i^SiSixl> . 
[00 52] «S«H406«|AS{i, IffltjfeSKffitf* 

mm^mcnmztmfh z t tmt u*. 

0 . 4 t»»'»tJ i k fc J: D , <?x 
Will, /eft. #«£JI»W*W±Ti»§ v >+ 

[0053] M^mmm,t t - ?m«amn9 

« i 3 ^r«itS: k & £ k fc «t 9 . t -?ftv£>**£|( 
tm^XJK^Mfc^oill "3 5 £ k s 

HWfcHKi k * k v ^ aWfoWtefi* . Kelt 
4»4>fc-*£tf>£EA«i» «S®HMxiO- 3 Torrt"*>l. 
k tlxlO- 6 Torrt'J> ■)*ij3Hr«0fflE*fc 

[00 54] *jfc, Vx;\-%W&f&t:Mzt-?<7) 

IS : PbTiOg ) , STO (^yHXhoy^A : SrTi 
0 3 ) s BT0(f-?yI£Atl>7A :BaTi0 3 h PLZT ((Pb.La) 
(Zr,Ti)0 3 ) s PNbZT ( (Pb,Nb) (Zr,Ti)0 3 h SBT(SrBi 2 TaO 

9 mnitmwutwz 3-r * y rt& t , nm&mm 
tfxttmsMtwtizwi hzt mi , fcoteiRA- 

-f ^ ? /Mg<7)^ £K <*£ k a*?* & k V * 3 

[0055] *&%&rmm£\t*4 ym%u >a 
Qb*r7°®%74 yawz^zmf. *4yWi%yA v 

yf- ^^7412*^ LT*-##V7407fco 
sfinPoTVi*. ^Wl^-f y411{4A>7'413£:f)-U 



h 5 7°414£}I l/C ? - W/T«7t» 
«r*»oT^i. ^JMUi^M yy- hA';W7"412^ffl 
ty A/|/7'413£ffl{tT, -^m^^ii^Mi-cp 
Stf*. iOidfclft&frfcS.rkfci-j't, 

yrimx'mm&mmxamit . m&m. 
*> - if<xyym<m&*mt$z t ifix-i hk^om 
ShS/mbtLl .it:. ■t'/igs93 4 V411 k , *^ h 5 
>y r414^|S!triy^"^ ^ yx SrPS5t"# I. a'^7'4152: 
*AU ZVayyffyzmm-fZZklzXiX, 

&ss8&mmtfx<r)£&*&itzitxi>&\,\ mm 
tfzimtt^kZtt. *4yy-y> Wr-rw mif 
hzkizx^xmmmm. x*)m&*im~c$ 

&kWmiifflt>ti&. it:. Ztim-oX. WSM 
S^titiSMxM^SftWS ZktfX'% 

ik^mmnt>ti&. Myy-hWfw: * 

»fflco*°yr^ii, ^-* -; Eix^j.5-^yrSrfflv^ 
■tfi, *i}-i)A>?-x?—ftyy \ Vy4#yy, n- 

* U -*ry T^T't ^ < . Xffi«SF«!JS*«l X 10" 2 Torr 

ixnztcix^z. xyy<mi%mfimf^)i7\ 

b ? v 7« ay? ? 9 vxtWSfttt Z k j6*jWC* 
[0056] H6fcttHfi«»««-g|5««B&ii^^ 

x'Jy/-50if*3t:«ffSii4, yyyr-50i±fc 

{4A*;l/7'502^'* *) , A>7'502k ^^H^77y^'50 

k^M4Lv\ jmzmxhk, *MAKtf«^l4K 
y hD-5504<5D|S4 DftMHk^l). 

[0057] *m&i»m^{±. nmKx"rmt<n 

%>cr>kWmwi><r)t! i h 9 . «*ra?i^<0t i i/Vy 

y-Hzxtibv. wamt. mmmWB&7ii>5 
ttvmizftmitMm^&zttfmt u\ zcox 

izktfT$&k^ommmt>tn. ttz. nx<m 

v-ymm&wzmzmmm^ti&xo izu 
mii&mzwzth. 

[0058] y ii yy-mfrio<7W£\tx v «/ tavi/ 

7505 Sr^LTVX7D-r?yhn-7 504t -ofyifi 9 , 
*<ry®CMzfmi>, Ztl^tlX b vTrtfls 7506, 507 

* ft LT*2SS508»tf h?<y 7509Srft LT*fy 
7512fcO^-5TV^. ca^^lE*f , 

y h a - 7 504, ^ \";^7502 , 505, 506, 507*75Mtt&^ 
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[0059] j£H*fli, t-f. ^>7'502,505,506^ffl 

H\ is y y^-50irt<7)#«^««ff^i?)ifffcJ: o 

Xfc^lT, ;«R8tvx7a-3y)-p-5504O 
K/py507f Hit* z b tX^xSM&akfayhn 

[0060] XSttM^ffllM^xrx^Siit 

ttfttt *fcJt*vc tti/iooo b vfc*> . XS^rto 
Etti#x<75ftte*i:SBfl«fc: J: 1» £ 4: 1 ft 
&. «£WflW±E;^-?-W.:*6fcX£tt510 

[0061] wtizmmifzwm®,* bizbizz 

JK@W»rtflE**l xi0-*TorrJaTt =Sf S ± 3 fcfEXcR 

tf.RH. b-^416cOfa^Sr@fS^«fcii®r-r 
S i i: J: 0 s JtS^Wj&^fc^tl&Jttmtf* 

•C* I i&KfcfWE-f 4 i *nfTiBf*) S . SSBWfCfct, 



[0062] ?^7n-3yhn-?|fH# 

[0063] S*8S±^0*»AiBm^XSfflV^ 

[0064] «JR+<0*S»»O^Efc-oV^Ttts ^7 
JBJK^-fJ'fll (01 ) ^«*i:vX7a-ayhn 
-5504 (H6) comM.mm%Zblz£<9. 1X10-2 
TorrOTCTft £ t I» . 

[006 5 3 0Utf , PZTiKOrtUliWKt itWI 

[0066] «iur s mmofmmnzb -ox*w% 
mmmmmmiz^xmrnti . 
[00673 pzT£j£R-f & b^^ixmmmm. mm 

M«s 7^70-ay ho-5&«ii:PMK$i: UTiSf 
X ^'K^ S'p 4 A* h (Pb (DPM) 2 ) , KRfflK177 

f-h7^->-^y-7"h^>'x;l'3y(Zr(0tBu) 4 ). K 
^iSLK7(TC. VX7n-3yhP-5?SJK110'C, TiS 
« b IXt h *?A V r OjJWf S'f - ? V (Ti (Oifcr)t h « 
f4?SS75°C , 777o-ayf n- 7a&145*CTfc 
0. NO 2 0VX7n-^(il45'C, ES^<55«aS 
5il80^CTfcS. 

[0068] H7Wi. «?M500°C-C\ Pb(DPM) 2 g£fi 
0.25SCCM, Zi-(0tBu) 4 S*0.225SCCM, Ti(OiPr) 4 {IM0.2 
SCCM, N0 2 iM3.0SCCMO^ftT"600#f B lJtML, PZT^IO 

^mmj^b%<r>wmx^ vtvx-h*), mu± 

imWi%5WCX°, {±t*t:Pb(DPM) 1 aai0.2SCCM, Zr(0 
tBu) 4 8tt0.05SCCM. Ti(OiPr) 4 SM0.25SCCM. N0 2 ?S* 
3. OSCCMO^frTMOWeM Lfcft. Pb (DPM) 2 »0. 25S 
CCM. Zr(0tBu) 4 8S*0.225SCCM, Ti(0iPr) 4 Sfi0.2SCC 
M. N0 2 aai3.0SCCM<J5^#-C600#ia^L, PZTSrlOOnm 

St LT«y 'J nygHt^SOOnmffMUrv-y 3 y>7 
H8T1iPZT(7)(100), (200)t°-^*^Ii$tl, 

izimxmzmi^xmrrt zb^x^x.m 

[ 0 0 6 9 ] H 1 1±. aHEilK40(rcfc*JV>TI > t, Ir, R 
u, Ir0 2s RuO 2 ±fcPb(Zr o .5Ti 0 . 6 )O 3 S:«-tl.«^rc 7 ) 
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■ftttX&tfotzi>cr)Th&« Ir, Ru, Ir0 2 , Ru0 2 fcJt^ 

£ oattt i -> x mi-wbimtfTtf h tsbx-h * . 

tHtt^XffltXfol. ^2{iPt, Ir. Rtu Ir0 2 , Ru0 2 

±tPb(zr 0 . 5 Ti 0 . 6 )o 3 mmtzmizmwmzi. 

-yXm&fSL&fiW *-co«PZT£jausi,jti: # cOftji^P 
b, Zr, TiM»i«^WMffM^J:MffMt!#fc^(tT 
4t*fct><0-C*S. Ir, Ru, Ir0 2 , Ru 



v\ zom&h, ptximcommm^fr^xfoi. t 
ixmt?zmm±.wmmi. wmmmiz 

{f&iSfS^&i. Pt/TiN/TidOflBtK-fiTJf, TiNfcio 
TTi«08»a*|llJ*&*u TiK±tf)Pt<D*tft1tmS 
Kfc(lll) tEifii LfcHHtt iofc*>fcPZT<o»fttt. E 

4 . Pt/Si0 2 mhic , P»t«T'# £ . 
[0070] 





s 








[) 


i'*Jt* 


Zr »ft 




aft 




Zr & ft 


vim® 
rait 


mm 


pt 


0,25 


0.1 


0.15 


3.0 


0.2 


0.225 


0.25 


3.0 


Ir 


0.2 


0.15 


0.15 


3.0 


0.2 


0.225 


0.25 


3.0 


Hit 


0.2 


0.15 


0.15 


3.0 


0.2 


0.225 


0.25 


3.0 




0.25 


0.1 


0.15 


3.0 


0.2 


0.225 


0.25 


3.0 


RuO* 


0.25 


0.1 


0.15 


3.0 


0.2 


0.225 


0.25 


3.0 



[0071] im] 



[S2] 



*rft 




II - 0 j£§£&ft<SCCM) 


pb 


%' m. 


Ti m ft 


SUM 


Pbff ft 

rut a 


Zi Bft 

r*fcm 


Til! ft 
h' A US 3: 


saft 


pt 


0.25 


0 


0.25 


3.0 


0.2 


0,225 


0.25 


3.0 


Ir 


0.2 


0 


0.25 


3.0 


0.2 


0.225 


0.25 


3.0 


Ru 


0.2 


0 


0.25 


3.0 


0.2 


0.225 


0,25 


3.0 


Ir02 


0.25 


0 


0.25 


3.0 


0.2 


0.225 


0.25 


3.0 


RuOs 


0.25 


0 


0.25 


3.0 


0.2 


0.225 


0.25 


3.0 



it &mmijMtm.£z->xi>m.'?i. ma 

«i, Pt/SiO 2 ±mT£l00nmj£JIL£&#, lit#>£Pb 
(DPM) 2 vtft0.2SCCM, Zr(0tBu) 4 Mft0.05SCCM, Ti(OiPr) 
4 »i»0.25SCCM, N0 2 J»3.0SCCM^fr-r"40#r B » t 
Pb(DPM) 2 }tft0.25SCCM, Zr(0tBu) 4 g£t0.225SCC 
M, Ti(0iPr) 4 stt0.2SCCM, NOjSHB.OSCCMiO^ftflOO 

SitfcktcDTi/Pb, Zr/Pb«it*%$^TVM>„ H9 
[0072] HlOKlis CLhJfi^aMCs -e-fterxos 

izi^nm^oonmmitzhco^m^. mm 

it. i±t*(CPb(DPM) 2 }IM0.2SCCM. Zr(OtBu) 4 «fi0.05 



SCCM, Ti(0iPr) 4 ^fi0.25SCCM, N0 2 kt*3.0SCCM<D## 
•C40»ia«KUfcft, Pb(DPM) 2 JIS0.25SCCM. Zr(OtBu) 
4 S6*0.225SCCM, Ti(0iPr) 4 aUt0.2SCCM, N0,«K3.0SC 

m^mx-mmmmm tn. z m^mmsm 

%sft<MfX0)£Bi±^ 5xiO" 3 Torri: Lfc. 

[0073] Bloats i 3 1 , wmmxrciz'txi 

H6t(4^LTV^V^^ MISS350°Ct"{±. 
PZTfcfiHt& e-^«^< ISA ^-f . »6«T**7 T 
xtmxfohZtiK HBSfufc. *Wff?li, 360°C 
a±T«tS;fc^#*t<. 380'CTIiK 

fc^Tli. 40Ori:500*Ct600r<O3«i«7)««S«Sr 

lat^L^iot, 5<xrcja±«o8a*«Tii, (ioo), 
(ioi ) 2 w»(5o t - 9 ifis. tttiK mcnm^m. 
mn (ioo) t - 9 -mm i^t-r. mxm-tt 

k*%^4. 4WTCiOfiV«0tCjiUltS»^fc. ^ 

hmmmmmmx^hi&mxhmi, x 
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x\ m)v-?~wmifr&i?. mv&&-nm 

mm htix^iztm^tzLtz* 

[0074] ^msmnfmt. mmmmmsm 

IZblzX-oXM&itfl. Zcom, t7S>^x+« 

&mnmmk sus immm^mm&tzMzm 

k. »MWOfftt*M^'$^{^#r§l>. £ft(2, 

[0075] mmzmsmwmmzmxmm 
mLtzb^mmmmmmmm^tix^h. m 

Mb ixiii/ D 3 yl?«£500nmffM L£ y'Jny) 

t.<s6fcPb(DPM) 2 »f l iO. 2SCCM, Zr(0tBu) 4 ^M0.05SCCM, 
Ti (Oi Pr) 4 aao. 25SCCM, N0 2 8«3. 0SCOK)*frT4(» 
fBlJtltfcft. Pb(DPM) 2 Mft0.25SCCM. Zr(0tBu) 4 MM 
0.225SCCM S Ti(0iPr),aai0.2SCCM s N0 2 ifl3.0SCCM<7) 

*fr*c«)(»iBwaRUfc. i<o«*o)«iw»<oKas»rt 

<9#*£>.£ffii. 5X10- 3 TorrhL/c„ ZCO^CO^M 

^ffil^M^-LTV^V^ k . RflfttSffiKA 

tt , BST& k*<?)KK€*^itP«*OffiTK#KfcV ^ 

[0076] *H#ffiB<o^tt. JjOES5!#>3»{ciJi 

«M*ffifcfcttl,, ®r^e>it46^fttiSHt&ik 
j^feftTiJO. #»?>jffi^f£«^U 

mtbiztizz.-ox. $mi-&zbtfx°*h. mmz 
it*mmi<?)Mz&h^xmt:fmLfcbz<7)m 
ttw&mmmtcifm^ztLX^z, mmbixiz^ 

»J 3 >-^PJ1^500nraJFM Lfc S" U 3 ^>xa -_hfc s 
XA° 7 ^ffifc Jfc 0 PtR*200raftj£ LIZ hOt: i> *A> 
fc. Jfcffl&fefHi, S»S^400°CkL. ttt*>fc:Pb(DP 
M) 2 S*0.2SOX Zr(OtBu) 4 Ml0.05SCCM, Ti(0iPr) 4 SK 
SO. 25SCCM, N0 2 ~S*3. OSCCMcO^-CMOg-^^ Lfc 
ft, Pb(DPM) 2 «*0.25SCCM, Zr(OtBu) 4 ?I*0.225SCCM, 
Ti (OiPr) 4 S*0.2SCCM. N0 2 SOB.0BCCM«^fefr't60(» 



*w&»SJ:3fc. 10iiiaiRK§ii:Ti«^{±«»§ft#, 

ft & k ^ a i. £ k § . 

[0077] xwsfflffyjmt* m&\m),zi>mx-% 

•CJSKSfr o bmttzmX 3 t«SLhfc*K^ny 

wmmmzmtt. mzmmzmt^. m 
m&ffr&mifi o b m®±xmmizmf&m 

mtkmnL^iti. mmmm<L 

X . «flLh<0tt»**^4 < k , ttSJi^* < * 
ii/jN§<^S. Hl3!i, *«SJS^4X)0°CkL. lit* 

tCPb(DPM) 2 Sfi0.2SCCM s Zr(0tBu) 4 S*0.05SCCM. Ti(0 
iPr) 4 8SM0.25SCCM. N0 2 SUB . 0SCCMc7)^frT^)g L 
Pb(DPM) 2 ?«0.25SCCM, Zr(0tBu) 4 slM0.225SCC 
M, Ti(0iPr) 4 JI*0.2SCCM. N0 2 »El;3.0SCCMc?^frT600 
9HIAII Lfck^ (zftffi W«WSr 15IW* 6 100# fc 

igfl:3*fc b^^mmmmmbnmbcomiM^i 

ftSBftS** £ k J: 0 s &g^30nm^(b400nn4 f« 
£ b tfX'% t . 30nriSlT<OlBlli-C«aftftS^* 
£ k iitt L < , *fc , S^WH^^mKLhKftl, k « 
ft^cOHtPb.Ti.Zr^-i-tfT^^rX^^Sttt 

x\ m?mmiz£bitxm&cibm£L\,\ 
[00782 a±pzriko«ii*«ict ixxmom 
tmmiz^xmwLtztK xmvfm&xumis 
?m^m^mmzm&^tir. msammizi. 
^xmrnrntti x 3 %mwmmmmmmz 
n Lxmxh t . i o jshsbtib* 

?SiSK«*l«^«ft!ftI«m*kLT. -j«Srfii 2 E 
z 2 0 9 (Z\ Z\XKzi±}ib& fdil&Z&t) , EpBi 2 Eq0 9 (£ 
EpfciBa*fci±Pb. EtrfiNbSfcJiTa*^), ExBi 4 Ti 4 0 16 
(£;TExiiSr s Ba^/t{iPblrS"f), Ey 2 BI 4 Ti 5 0 18 (£ 
itfyliSr. Ba4«iPbSr*-r), Pb(Zr 1 - x Ti x )0 3 , (Pb 
1 - y La y )(Zri- x Ti x )0 3 , Bi 4 Ti 3 0 12 , SrTi0 3 . (Bai- x Sr x ) 

TiOg x-mti& g/mmmw htiw. m 

[0079] lil±<7)J: 3 &3itftf?ilft&«S€«tojl 
*W!t LT. PTO : PbTi0 3 ) . STO 

KXhn>-?">A:SrTi03) s BT0(f-^>-K^'U 7 A : 
BaTi0 3 ), PLZT ( (Pb.La) (Zr,Ti)0 3 ) , PNbZT ((Pb,Nb)(Z 
r.TDO,), SBT(SrBi 2 Ta0 9 )^W4ftl.„ 

[0080] t1z, XmMBmX'te, *?zyn-a>h 
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[0081] MMm^mmmmmt^^)-^/^ 

i -a XffiS. Ufc« . h fc *4 JK U 5^ U a ^602 1 * 
MU x-yf-y/Ue, i^-K'J^UnyRhfcv-ya 
yK«£J»IL£#L x-yf-y/U «1«03 
SMLfc. *'ny, »*i^«ij£^ya: 

£x 7 f-yn:J:9l$i:tl><ri:fci: l 3, Tiy'J-yM F 

0, HMAfcS-Tidfc, #KJfflRfl*606teJ:oT# 
flt3)hi£n£&tf pStfJMOSS b 7 y £y y a y« 
SLLteWjftW:. 

[008 2] i^Cay^? h a,tTFaWttt*BI14B fc* 
•i a y KfPJDUdtf'o y^^«ft£ilX£y y 3 yit 

mmvzmitz®. cm&zxwmuz* & 
vi«^«w)ifawte#UT?wiii*axts 7wc 

Ti&imN£jiWLJfc. £<0±t^ y/X^-y tCTWfefc 

«L/i, ?>nf^r5^t ^y^'xrycocv 

MIL X-/f-A'.^(Cj;-,TffMLTi>av^ £<7)± 

gftTSWffiJIfcLT. TiM609at>TiNl610l:ji 
ILTXA'.yj'U f«±fcl00nicOPtK6HS:»JtL 
fc. 

1 0 0 8 3 ] JKfc, 3SSHtft»JtSr014Ct^t i d te 

fc. t*x^A'n-OkX^- HiKPb(DPM) 

2 k y--KnxK^^K(Ti(OiPr) 4 ), ^3-^ 

A7>^y F(Zr(0tBu) 4 )SrfflV\ UMBWt LTN0 2 Srffl 
^fc. JSRfcfrli, mm&imctb. HttAfcPb 
(DPM) 2 S8*0.2SCCM. Zr(0tBu) 4 £ftfi0.05SCCM, Ti(OiPr) 

4 aao. 25sccM, no 2 sci3 . osammx-mmm i 

fcf£. Pb(DPM) 2 SS*0.25SCCM s Zr(0tBu) 4 ?fl0.225SCC 
M, Ti(0iPr) 4 S»0.2SCCM, N0 2 Sfi3.0SCCMc^#-C600 
SflfllRKU PZT612<^fe||»ft««W#]R*»fc. 
fiWM^ffl^^iffli , 5 X 10-3 Torr 
bit:. Zmn&mmtlOOiuKb'it:. Ir0 2 613$. 

Wr6i4*^w ^ y y^ffifci o-j&iiu ^fi_h^« 



WfcHWSLfctt, K^x-y^-ymJ^T. £*± 

-xy^fci 9 MIL PZT$4fc Ufc. 
[0 084] £<D±fc^*±gffi3Sffi£014Dfc*t,i;3 
£ffM Ifc . »z«f f«Sil6l5 k IX y y 3 ygflJ! 

hWry-h^ny^^Mrx-yf-y^tiOffiPt 

fc. ^;HSH616t LTWSU TiN, AlCu. TiN££ 

Lfc. £<A±fc, ^'y^-^»yl617t LTV-U3 

[0085] 014£J±. gMTSJttffi. PZT§|. Ir0 2 /Ir 

jfcC, ^MTantS-fSr^PVTiN/TiSrH? 
^x-y^y^Kiot^ML^, PZTtf>j*W£firK I 
r0,/lr±OTWfc3ttfiLT. ±«TO*dHlL*CiA 

»<, iOWBSf^-VTWttftT**. PZTtO 
«H** H5>f x.y f-y^+tr^X^fcS Sfi^VW 
T\ PZT^^RI* $ #AS^Clt t'5rV^ MT^Hl 

t. 

[0086] umconmrnismmmmmi. % 
<nm.mm itzk^h, mkimmM<?>&k ix 

- h*0.26wniCO h 5 y i^'X ^ fc£tt!>#tt£iH35 Lfc 
ki*. pS, nMtt^L^^ttVt^f^^li^XA 
-ikmXWMTXfo 9 . A JFC* -o . 8 fc, 0. 4ju 

[ o o s 7 ] ijctr, ^mmmmmmh^ y - 

[0088] a?fch*ray r *zorn'SBii*Bii6Bfc 
wtidtswufc. *f, %zM?mmmmk ix 
y y 3 y^«x!s*"n ymwmmisA,i£is y 3 y 

WIM(BPS©5frJ«RLfc«. CMP&fcJ; D^iiftLfc. 
«fc, h'r^-^&x-yf-y/tiyMPL^f*. Ay 
T^^/Wt LTTiWTiN^JlU^, Z.<r>±\Z9>y 
X^yimMzi. i))«KLfca, CH>KJ: 



(14) 92 000-58525 (P2000-58525A) 



ffM L#£fll3»ftlftlC622 k LT y U 3 yRfcKi jfctt 

ympmmiiitAJi^ v 3 >«mui(bpsg ) 

RLfctfc. CM>ffiKJ:i3¥ffl-ffcL3t. &fc:t'7*-^£ 
x yf-yyizi 0 MP LfcSL a">j 7^ ?/l^k LTTiS 

J&JRUcfJL OUSfcJ; 9?>^'.Xt^T5?'623£» 

f*, X-y^y^fcJ^TffMLTtJlK £07/1'$ 

las, inn. t'7»^«0)ii-£ktcj:oT, ma 
mmmminmti £ t a»r* 4 . mm? y?x 

f^^/iC, Tiffi624, TiNR625£3SRLTX''W 
?U *<9±fcl00mmi«626£#J«U S*TgU*ffi 

[ 0 0 8 9 ] 3^P«*^*&117C t^-f i o 

2 h *-?Wy*n**vK(Ti(0iPr) 4 K i/>3-<) 
A7>^K(Zr(0tBu) 4 )£fflV\ gHMfc LTN0 2 £ffl 
V^. JSRfctttt. 3S«&££400'Ck U litfcfcPb 
(DPM) 2 iIS0.2SCCM s Zr(0tBu) 4 SM0.05SCCM N Ti(OiPr) 
4 SttO . 25SCCM. N0 2 ffJB . 0SCCMi?)^frT40#P H M t 
Pb(DPM) 2 S*0.23SCCM, Zr(0tBu) 4 ?fi*0.225SCC 
M, Ti(0iPr) 4 ««0.2SCCM, N0 2 »rjB.0SCCM(O^#T600 

fpmmi. pmza&smmmftmw:. £« 

^&^<^Wmfccr>$X<?>-kEli. 5X10- 3 Torr 
fcLfc. £cOB#0JS^MJI{ilOOnmT*^/"c:» Ir0 2 628& 

wr629Srx^'-y * g yymz*. 9 jsku 

WfSrJFMUiflL h'^-fx-yf-y/fcioT, Six 
~-ynzx Ovists pzrsat L^. 

[0090] £O±fc±««£017D 3 teJB 

JgHJlP B l«iK630k LTv-Uny^Cfi^r 
5XvCVDffitJ; WMUcf^ §*±^ny^^ h& 

fSH^/l/|M631fcLTWSL TIN. AlCu, TiN££(7>JI 
fcX^-y?LTl£!Il*:f^ x^y^fciOanit 

S«&tXSiON«£ffML*:fJL ffiH^-y F»*MP 

[0091] TmzTfr$WMtfh&W)$lzi>. H15te 
jj*U:*£i:flaW=s SfetcSJtTantafSrfc^Pt/TiN 
/Ti & K 5 4 x .y * y 7' fc i 0 4M1 Lfcft. PZT0fi£H£ 
frK IrO,/Ir»»±a5«fi*»JSLT. £*±g«i§ 

S. PZT<7)filffi^F5^x-yif-y^fcr7X-7 
(cS & Sfifc WC, PZTji+W:l«WiA8*i4 £ k 



[0092] £0® 2 flMBftfitt'ClBtUte^ * "J — te 
/WS\ » 1 0*a-t*3t Lfc* =t U ~fe/H3«fc«M* 

[0093] zco^ mt4mmwMcomt trio 
(s.2hv.myjyy~x?{zm&w&*wm$, piL n 

TX'fo *) s MfTh-of^ SfeK, 
■syfthcomm, ay?7Y ■ f-x—yi/ZX 98l£ 

[0 0 94] ^^EU— te/W^Wt&mis SS2<J0H» 

tfiEk LTfflVXWS^lCO^TJt^fc* 1 . Ir, Ir0 2> Ir 
0 2 /Ir, Ru, Ru0 2 , TIN. WN<D*&&*,, 

tt, h7>^x^f#tt, ay?7h&1Xti>lz&m'fo 

l.£k&l^*fc 0 

[0095] PZTici 63S»«ftSM*lfl£tfcWfco 
tVC£K£#\ Ba(DPM) 2s Sr(DPM) 2 , Ti(i-O^H 7 ) 4 ^cO 
*«AIWfiXfXSrfflV^T s BaSrTiQs Sr«M«ft«Sk 

yyy-x?w&. 3y?9ymsLt^zmx°hhzb 

[0096] 

[»!B0»ft3 £LL IHBLftJ: o J; 4 k N 

■w- 4 £ k a*riire* o . ifrmmt ix h mm 

4. £0*ID5rS*tt'5£k{cJ:oT, ^mf^ 

fci^fc* 1 ?, «*iffll*lFt<aM^f*. SOUS 
Sr?P«Wfc»64£kA i t'#4, 

[01 ] *»f!T'fflv^«MMffl)S^*0*^«Sl0 
BfB**t«WH^»4. 

[02 ] mmx-hi** VTtfxzm^m&vKm 
$x&teiim^-mmx*hi . 
[03 ] ?ttfcy>iym&m^xrLm£timitzt 
% <r>mt umw& t k mm^tyy yx%&. 
[04] ts±^^o7"^-< hsttftffiia&ffig 

€««ftl^)tft§^4 k # 0?l)i«*«^0^0 
[05] *^T'ffl^l»«fiMffl)t*SS^*t-«BS0 
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X'foh, 

[H6 ] *mx-m^mmm&mwz*mm 

[us ] mititzm-mmmt&mtitm-co 
fylfot. 

r/Pb«jt£ *t ^'5 7 I . 
[HI 0] »-c?))S«*fri;U||Z^)«lWC'«* 

Ufc t # <0 SJfi^fiOjRW «#tt£*-f /5 7 X% h . 
[HI 2] *S%B^»ffi^*S^ffl^TPZT^« 

[Hi 3] m~vfm&mzm&®mwmmmtpi 

mi 4i ^mn^-mmmmx'hi^^)~t>icom 
mum Zmi-mftrnx-b h . *ntii. #fc«fi±a5* 

mjM^m-mmxhi, *nxi±, «Fts«±§re 
wt^Tgi5*M«^ii^sijcoxstifv\ &m® 

imi 6] ifmm-mffl&mxfoh*^)-- tn^em 

#\ rfr^mwmftomm^tv)-- turn 
¥coxmz^-tmxfo&> 

[Hi ?] *»BH<o-§ai»jireft ix&j —t^co 
m^xnir^-tmxh^ 

[HIS] PWHfiSHiSSHkS-frfc t § OJ14<c0(Ti+Z 
1 0 1 

102 H£«S§ 

103 JKf4«^ 

104 Zficoy-bAVl-7" 

105 ^\-mm 

1 0 6 

2 0 1 HiBflt 
2 02 *>/P 
2 03 



204 ^^'JT^'XcOft^NMT 

2 0 5 tMAJWWtfAOflBfr^ 7° 

206 mmmm 

207 i&RM 

2 08 ^x;\- 

209 tfznmm 

210 ^ft>J7#x«7X7n- 

401 Gm&sm<vK 

403 ■f-bT'?- 

40 5 t-?a 

406 «2§H 

407 ?-#^l/*a.ytf>7° 
4 08 ^-#*^a55Ky7° 

409 tmmm 

410 ^y^R^y 

411 -t7P*7^f> 

412 tAW-Y^W 
4 1 3 A';l/7* 

414 *^h7-y7° 

4 15 3 >¥99>XZWMX'i l^)P7° 

416 t-^ 

417 >)IA- 

501 

50 2 A>7* 

503 7?y=J 

504 ?X7n-ayhn-7 

50 5 Xh'/Tf^Vf 

506 7,h>/7VS>7 

507 Xh<yTA>7' 

5 08 

509 *}£h5-y7° 

510 JtSflH- 
512 

60 1 y-hBMUR 

602 y-hftVi/Vxy 

603 ifWKttftl 

6 04 Ti v-ytM HO^-b 

60 5 tis^uim Y<r$mm 

60 6 ftflSfeftjR 

60 7 ®-sr B i»« 

6 08 ?y?XT>ry'7' 

609 Til 

6 10 T i NJf 

611 PtJf 

612 PZTJS 

613 IrOJ 
6 14 Irl 

615 %zmwmm 

616 MZXfJUim 
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617 A°-y isK-is^ym 

6 18 ®-~P)7)lHm 

619 m~mmmm 

6 20 fyyxTyyyy 

621 ast^t/pse* 

622 %E.mmmm 

623 ^y^f>r5/ 

624 TiJl 

6 2 5 T i Nil 



626 PtJf 

627 PZTK 

628 Ir0 2 fl 

629 Irl 

630 msmmm 

631 sin^/uan 

63 2 ^vi/<->-3yM 

701 m^ftmrnm^ 

702 ftft& 



[HI] 




408 



[02] 
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[1111] 



[012] 
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[014 J 



606 
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[017] 




Pb(DPM) Flow Rate (SCCM) 



F 4K030 AA11 BA01 BA02 BA18 BA38 

BA42 BB01 BB12 JA05 JA09 
LA02 LA15 
5F045 AA04 AB40 ACO? AD07 AD08 
AE13 AE15 AE17 AF14 BBO? 
BB12 CA05 CB05 CB10 DA61 
DP04 EB08 EC09 EE04 EE12 
EG02 EG03 EG04 EG08 EM09 
EM10 EN04 



